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(57) Abstract 

In Die particular embodiments of the invention described in the specification an ink jet systan has a P';««^of ™oduter ink jet 
amys (40) aZged lo produce high resolution images on a substrate. In one embod.ment the if* jet atmys am fonned m an ctaunbc' 
K47) in^s (32-39) providing a hexagonal pattern with ink chambers (48) on one s.de of fte plate '^^^^'^ ^f^.^^^^J^^^^ 
fw«n th,. ink chambeis to an orifice olate (50) on the opposite side of the Ink chamber plate and a piezoelectric transducer (54) mounted 
to e«hTf ol^ bk'h^t^'^ ?iSt'Sp" <'ucts'(54. 45). which extend in the ink chamber p.«e between the ««.s of ink je« (40) 
to supply ink ftereto. have one wall provided by tiie orifice plate affixed to the ink chamber plate. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates 
applications under the PCT. 



AM 


Araicnia 


AT 


AustrU 


AU 


AtiitmUt 


BB 


Baibtdos 


BE 


Belgium 


BF 


Buikhu F«so 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belanik 


CA 


Canada 


CF 


Cciml AfricaD I 


CG 


Congo 


CH 


Switzerland 


a 


C6te divoiir 


CM 


Camctooa 


CN 


China 


cs 


CiechotlovikiA 


cz 


Czech Republic 


DE 


Germany 


DK 


Denmajk 


EE 


Eatenia 


ES 


Spam 


FI 


Finlnd 


FR 


France 


GA 


Gaboo 



party to the PCT on the front pages 



GB 


Untied Kingdom 


GE 


Georgia 


GN 


Guinea 


OR 


Greece 


HU 


Himgny 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


K£ 


Kenya 


KG 


Kyrgyitan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Koica 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Uihuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madi^guear 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 



pamphlets publishing international 



MW 


MaUwi 


MX 


Meilco 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


PofUtga! 


RO 


Romania 


RU 


Rwsian Federation 


SD 


Sudan 


5E 


Sweden 


SG 


Sing^xnv 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swiziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikiaian 


TT 


Trinidad and Tobago 


DA 


Ukzaint 


UG 


Uganda 


US 


United States of America 


uz 


Uxbekinan 


VN 


Via Nam 



wo 97/28000 



PCmJS96/15W03 



-1- 
Description 
High ResQ lutiion Matrix Ink Jet Arrajiqeiqent 



TAGhnical Field 

This invention relates to high resolution ink jet 

systems and, more particularly, to a high resolution ink 

jet arrangement utilizing a matrix ink jet array « 

5 Background Art 

Heretofore, most conventional ink jet systems have 
been made with linear arrays of ink jet nozzles for pro- 
jecting ink drops onto a substrate as the array is moved 
with respect to the substrate in order to form an image 

10 on the substrate. With currently available technology 
the nozzles in a linear array cannot be located closer 
together than about 0.025 inch (0.7 mm). As described in 
the Fishbeck Patent No. 4,864,328 for example, in order 
to provide a higher resolution, i.e., image lines closer 

15 together, than the nozzle spacing in an ink jet image 

made with such a linear array of ink jets, the array is 
inclined at a relatively small angle with respect to the 
direction of scanning motion of an ink jet head contain- 
ing the array. For example, when a linear array of ink 

20 jet nozzles which are spaced by about 0.025 inches (0.7 

mm) is inclined at an angle of about 7.5«» with respect to 
the direction of scanning motion, the resulting adjacent 
lines of the ink jet image are spaced by about a 0.0033 
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inches (0.08 mm), providing a resolution in the direction 
perpendicular to the scanning direction of about 300 
lines per inch (12 lines per mm). 

While the image resolution in the direction of the 
5 scanning motion of an ink jet head can be increased by 
increasing the rate of application of ink drops during 
the scanning motion or by reducing the rate of the scan- 
ning motion, in order to provide higher resolution in the 
direction perpendicular to the scanning direction using a 
10 linear ink jet array, the angle of the linear array with 
respect to the scanning motion of the array must be re- 
duced, but at angles smaller than about 7.5» small errors 
in angular positioning of the orifice array become sig- 
nificant. The minimum practical angle is about 2», which 
15 would provide a maximum potential resolution of about 

1200 lines per inch (48 lines per mm) using a linear ar- 
ray. 

In order to minimize the spacing between adjacent 
ink jets in a linear array, the Burr et al. Patent No. 
20 5,455,615 discloses an ink jet arrangement in which the 

pressure chambers for adjacent ink jets in a linear array 
are disposed in two adjacent rows spaced at different 
distances from the ink jets to provide a hexagonal pres- 
sure chamber configuration. This arrangement requires 
25 ink to be supplied to the pressure chamber in the row 

closer to the ink jet array through ink ducts which pass 
between the pressure chambers in the row farther from the 
ink jet array. To provide ink ducts of the same length 
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to all of the pressure chambers, the ink ducts leading to 
the pressure chambers in the row farther from the ink jet 
array include a curved portion. This effectively pre- 
cludes the provision of two or more adjacent parallel 
5 rows of ink jets in an ink jet head. Consequently there 
is a need for a different arrangement of ink jets to pro- 
vide higher resolution in the direction perpendicular to 
the scanning direction in an ink jet image. 

If ink jet systems providing resolution higher than 
lO 1200 lines per inch (48 lines per mm) can be achieved, 
other advantages in addition to improved image quality 
can be provided. For example, because the ink drops ap- 
plied by high resolution systems are smaller, less ink is 
required to provide complete coverage of a substrate even 
15 though the ink drops are closer together and, since the 
ink drops are applied to the substrate at a correspond- 
ingly higher frequency, greater throughput can be ob- 
tained. 



pigr-losure of Invention 
20 Accordingly, it is an object of the present inven- 

tion to provide a high resolution ink jet system which 
overcomes the disadvantages of the prior art. 

Another object of the invention is to provide a high 
resolution ink jet system for which ink jet arrays can be 
25 conveniently manufactured at relatively low cost. 

These and other objects of the invention are at- 
tained by providing an ink jet head having an array of 
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ink jets arranged in the form of a matrix and spaced so 
that ink drops ejected frora the orifices produce an image 
on an adjacent substrate in which image lines are spaced 
by at least 1200 lines per inch (48 lines per mm) in the 
5 direction perpendicular to the scanning direction. Pref- 
erably, for compactness of the ink jet head, the ink jets 
are arranged in a hexagonal configuration in which each 
ink jet, except those at the edges of the matrix, is sur- 
rounded by and substantially and uniformly spaced from 

10 six other ink jets to provide adjacent rows of ink jets 
in which the spacing between adjacent ink jets in each 
row in the direction perpendicular to the scanning motion 
is equal to the desired line spacing in the resulting 
image and the ink jets in adjacent rows in the matrix are 

15 spaced by an integral multiple of the distance equal to 
the inverse of the image line spacing multiplied by the 
number of ink jets in each row. Such an arrangement per- 
mits convenient access between adjacent columns of ink 
jets in the matrix array for ink supply channels of ade- 

20 quate size. 

Preferably an ink jet array arranged in the forego- 
ing manner includes a pumping chamber plate in which ori- 
fice passages, refill passages and pumping chambers have 
been formed, with an orifice plate mounted on one side of 

25 the pumping chamber plate and a piezoelectric member on 

the other side having actuating electrodes disposed adja- 
cent to the pumping chambers. The ptimping chamber plate 
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is preferably formed from silicon which can be processed 
by photolithographic techniques or from carbon • 

Brief Descri ption of Drawings 

Further objects and advantages of the invention will 
5 be apparent from a reading of the following description 
in conjunction the accompanying drawings in which; 

Fig. 1 is a schematic plan view illustrating the ar- 
rangement of a representative embodiment of an ink jet 
system containing an ink jet head with matrix arrays of 
10 ink jets in accordance with the invention; 

Fig. 2 is diagrammatic front perspective view show- 
ing the arrangement of a plurality of matrix ink jet mod- 
ules in the ink jet head of Fig. 1; 

Fig. 3 is schematic plan view showing the arrange- 
15 ment of a representative embodiment of a matrix ink jet 
array in accordance with the invention; and 

Fig. 4 is a fragmentary sectional view, taken on the 
line IV- IV of Fig. 3 and looking in the direction of the 
arrows, illustrating the arrangement of a pumping chamber 
20 and ink supply passages in the pumping chamber plate 
shown in Fig. 3. 

Best Mode for Carrvina Out the Invention 

m the typical embodiment of the invention schemati- 
cally illustrated in Figs. 1-4, an ink jet head 10 is 
25 moxinted on a carriage 11 for reciprocating motion in the 
direction indicated by the arrow 12 adjacent to a sub- 
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strate 13, such as a sheet of paper. The substrate 13 is 
supported on a platen 14 for motion perpendicular to the 
direction of motion of the carriage 11 and is advanced 
periodically or continuously in the usual manner. A 

5 drive spindle 15, driven by a motor in accordance with 

signals on a line 16 from a control system 17, drives the 
carriage ll by means of a belt 18 which passes around a 
spindle 19 at the opposite end of the path of motion of 
the carriage. The control system 17 also transmits con- 
10 trol signals on a line 20 to control selective ejection 
of ink drops 21 of different colors, such as black, yel- 
low, magenta and cyan, toward the substrate 13 and fur- 
ther controls the motion of the substrate through a line 
22 in the usual manner to produce an image on the sub- 

15 strate. 

As best seen in Fig. 2, the ink jet head 10 includes 
four matrix ink jet arrays 23, 24, 25 and 26 arranged to 
eject the different colors of ink respectively, the inks 
being supplied thereto from corresponding adjacent ink 

20 reservoirs 27, 28, 29 and 30 in the ink jet head 10- In 
the illustrated embodiment, each of the four matrix ink 
jet arrays 23-26 contains 64 ink jets arranged in eight 
rows of eight ink jets each with alternate rows being 
displaced by half the distance between the adjacent jets 

25 in each row. Moreover, all of the rows of ink jets in 

the matrix arrays are aligned with the corresponding rows 
in the other matrices so that, when the head 10 is recip- 
rocated in the direction of the arrow 12, ink drops ejec- 
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ted from corresponding ink jets in each of the arrays 
during the same scan will be applied to the same image 
pixel on the substrate 13. 

In the enlarged view of Fig. 3, the matrix ink jet 
5 array 2 3 is illustrated in greater detail to show the ink 
supply arrangement for each of the ink jet orifices and 
to indicate dimensional relationships between ink jets in 
the matrix array. In the typical embodiment shown in 
Fig. 3, the matrix array includes eight parallel rows 32- 
lo 39 each containing eight ink jets 40 with the ink jets in 
alternate rows being shifted by half the distance between 
adjacent ink jets in each row. This provides a hexagonal 
ink jet pattern with six ink jets surrounding each of the 
ink jets, except along the edges of the matrix array. 
15 The rows of ink jets are spaced by a distance A and the 
ink jets in adjacent rows are spaced in the direction of 
motion 12 of the array by a distance B. Moreover, suc- 
cessive ink jets 40 in each row are spaced in the direc- 
tion perpendicular to the direction of motion 12 of the 
20 array by a distance C and each of the ink jets has a hex- 
agonal outline with a thickness D between opposite walls 
and with a substantially uniform spacing E between adja- 
cent walls of the ink jets. 

For a typical embodiment of a matrix ink jet array 
25 designed to produce ink jet images having a resolution of 
2400 lines per inch (96 lines per mm) , the following di- 
mensions may be used: 
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A = 0.016667 inch (0,0423 mm) 
B = 0.028868 inch (0,0733 mm) 
C = 0.00041667 inch (10.6 fim) 
5 D «= 0.0283 inch (0.0719 mm) 

E « 0.005 inch (0.013 mm) 
An ink jet matrix array with 64 in)c jets as illus- 
trated in Fig. 3 with the dimensions shown in Table 1 has 
a length of only about 0.47 inch (11.75 mm), a width of 
10 only about 0.15 inch (3.8 mm) and a thickness of only 
about 0.35 inch (8.9 mm), providing compact and corre- 
spondingly light weight ink jet arrangements. Using this 
arrangement, the substrate is advanced by a distance of 
0.00333 inch (0.0846 mm) after each of the first four 
15 scans of the head across the substrate and then is ad- 
vanced 0.133 inch (3.39 ram) to place the first line pro- 
duced by the first row 3 2 of ink jets during the next 
scan immediately adjacent to the last line produced by 
the last row 39 of ink jets during the preceding scan and 
20 the same process is repeated until the complete image has 
been generated on the substrate 13. 

With an ink jet matrix array having the dimensions 
set forth in Table 1 above, the supply of ink to each of 
the ink jets 40 from the corresponding reservoir in the 
25 ink jet head is conveniently provided by two supply ducts 
42 and 43 extending above and below the array, each hav- 
ing branches 44 and 45, respectively, which extend per- 
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pendicularly between adjacent ink jets as partially il- 
lustrated in Fig. 3 and shown in detail in the enlarged 
sectional view of Fig. 4. Each matrix array of ink jets 
4 0 is formed in a common ink chamber plate 47 in which 
5 the ink supply ducts 44 and 45 extend inwardly from one 
surface and shallow hexagonal or circular recesses are 
formed in the opposite surface to provide an array of ink 
pumping chambers 48, each of which communicates through 
an orifice passage 49 with the surface in which the ducts 
10 44 and 4 5 are formed. 

An orifice plate 50 is affixed by adhesive on the 
surface of the ink chamber plate 47 in which the ducts 44 
and 45 are formed so as to form one wall of the ink 
ducts, and at the end of each of the orifice passages 49, 
15 the orifice plate 50 has an orifice 51 through which the 
ink drops 21 are selectively ejected. The ducts 44 and 
45 may, for example, have cross-sectional dimensions of 
0.015 by 0.015 inch (0.38 by 0.38 mm) which is sufficient 
to assure a constant flow of ink to all of the ink jets 
20 40 at the maximtim drop ejection rate. As best seen in 
Fig. 3, each of the ducts 44 and 45 is connected to the 
adjacent pumping chambers through refill inducters 52 and 
corresponding passages 53 leading to the pumping chambers 
48 through which each pumping chamber 48 is replenished 
25 with ink after ejecting a drop 21. In the illustrated 
embodiment, each of the ducts 44 and 45 supplies ink to 
the adjacent ink jets 40 in all of the rows 32-39 through 
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corresponding passages 53 so that each pumping chamber 48 
receives ink from both of the adjacent ducts 44 and 45. 

The ink chamber plate 47 which may, for example, be 
about 0.02 inch (0.51 mm) thick, is preferably made of 
5 silicon and the ducts, chambers and passages therein may 
be formed by conventional photolithographic techniques. 
Alternatively, the chamber plate 47 may be a carbon plate 
with ducts, chambers and passages formed in the manner 
described in the Moynihan et al. United States applica- 
10 tion Serial No. 08/406,297 filed March 17, 1995, the dis- 
closure of which is incorporated by reference herein. 
The orifice plate 50 may be made in the manner described 
in the above-mentioned United States Application Serial 
No. 08/406,297 and may be affixed to the ink chamber 
15 plate in the manner described in that application. 

In order to enable selective ejection of ink drops 
21, the side of the plate 47 formed with ink pumping 
chambers 48 is covered with a piezoelectric layer 54 
which in turn is formed with an array of actuating elec- 
20 trodes 55 located opposite the pumping chambers 48, the 
actuating electrodes being arranged when selectively ac- 
tivated to cause the adjacent portion of the piezoelec- 
tric layer 53 to be deflected in the usual manner with 
respect to the corresponding chamber 48 to cause ink drop 
25 ejection through the corresponding orifice 51. 

In the above-described embodiment of the invention, 
utilizing a matrix containing eight rows of eight ink 
jets and a spacing between adjacent rows which is five 
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times the width of the image portion produced by each row 
during each scan, five scans of the ink jet array are 
required to completely fill the image area swept by the 
array during each scan. If desired, a matrix array hav- 
5 ing twenty ink jets in each of eight rows with the same 
ink jet spacing set forth in Table 1 providing an overall 
array length of about 1.16 inch (30 mm) may be used. In 
this case, only two scans are required to fill the sub- 
strate area swept by the head during each scan, the sub- 
10 strate being advanced 0.00833 inch (0.021 mm) after the 
first scan and 0.133 inch (0.846 mm) after the second 
scan. With this arrangement, completion of an image is 
effected more rapidly, leading to higher throughput. 
Moreover, the number of rows of ink jets in the array may 
15 be further increased, which reduces correspondingly the 
total number of scans required to print a full page. If 
the number of rows of ink jets is increased, however, the 
ink ducts 44 and 45 must have sufficient capacity to sup- 
ply ink to all of the ink jets. 
20 If desired, the spacing between adjacent ink jets in 

each row in the direction perpendicular to the scanning 
direction, i.e., the dimension C in Fig. 3, may be in- 
creased to provide a lower image resolution. For example 
the dimension C may be doubled to 0.000833 inch (21.2 m^) 
25 to provide 1200 lines per inch (48 lines per mm) resolu- 
tion or increased by half to 0.000625 inch (15.9 mb) to 
provide 1800 lines per inch (72 lines per mm) resolution. 
In each case, the number of ink jets in each row and the 
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number or scans made to complete the image portion swept 
by the head should be correspondingly adjusted. 

For example, in another embodiment^ matrix arrays 
containing 16 rows of ink jets with 16 ink jets in each 

5 row can be provided with the same hexagonal configuration 
described above and the same dimensions A, B, D and E set 
forth in Table 1 but with a dimension C of 0.00054 inch 
(0.0132 mm), providing arrays with overall dimensions of 
about 0.94 inch (23.5 mm) by 0.3 inch (7.6 mm). 

10 In this embodiment a resolution of 1920 lines per 

inch (79 lines per mm) is produced and after the first 
scan, the substrate is advanced 0.00834 inch (0.212 mm) 
and scanned again to complete coverage of the portion of 
the substrate swept by the head, after which the sub- 

15 strate is advanced 0.133 inch (0.646 mm) to commence cov- 
erage of another segment of the substrate. In other em- 
bodiments, the other dimensions given in Table 1 may be 
scaled down to provide arrays with smaller overall size 
and weight but the ink chambers 48 must be large enough 

20 to eject ink drops of the required size at the required 

velocity and the ink supply ducts must be large enough to 
assure a continuous supply of ink to all of the ink jets 
at the highest drop ejection rate. 

With a matrix ink jet array of the type described 

25 above, a high image resolution in the direction perpen- 
dicular to the direction of scanning is provided in a 
convenient and highly effective manner at low cost and 
with a minimum space and weight requirement. In order to 
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provide correspondingly high resolution in the direction 
of scanning 12, selective actuation of the piezoelectric 
member 53 adjacent to each ink chamber 48 should be ef- 
fected at a rate which, when considered with the scanning 

5 velocity of the ink jet head, will apply ink drops along 
each line of the image at substantially the same spacing 
as the line- to- line spacing. Thus, for example, to pro- 
vide resolution in the scanning direction of 2400 drops 
per inch (96 drops per mm), if the ink jet head 10 is 

10 scanning at a rate of 20 inches per second (508 mm per 
second) the ink jet head must be capable of ejecting 
drops through each ink jet at a rate of approximately 48 
kHz, and for a resolution of 1200 drops per inch (48 
drops per imn) the drop ejection rate at the same scanning 

15 speed must be about 24 kHz. For higher head scanning 

speeds correspondingly higher drop ejection rates are re- 
quired. Such high frequency drop ejection rates can be 
achieved in the manner described, for example, in the 
Hoisington United States Patent Application Serial No. 

20 08/277,101 filed July 20, 1994, the disclosure of which 
is incorporated herein by reference. 

With such high resolution ink jet systems, the ink 
drops applied by the ink jet head are placed closer to- 
gether on the substrate and consequently must be smaller 

25 than drops which are spaced father apart on the substrate 
in lower resolution systems. For example » with a conven- 
tional resolution of 300 lines per inch (12 lines per mm) 
and corresponding resolution in the scanning direction of 
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300 dots per inch (12 dots per hob), each drop has a vol- 
ume of about 95 picoliters and a drop diameter of about 
57 providing an ink layer thickness of about 13 

for complete coverage. With a resolution of 600 dots per 
5 inch (24 dots per mm) , the ink drops have a volume of 
about 25 picoliters and a diameter of about 2 6 and 
also produce a layer approximately 13 fim thick for com- 
plete coverage. At 1200 dot per inch (48 dot per mm) 
resolution, the ink drops have a volume of four picoli- 
10 ters and a diameter of about 20 /im and provide a layer 
thickness of about 10 m for complete coverage, whereas 
at a resolution of 2400 dots per inch (96 dots per mm) 
the ink drops have a volume of about 0.5 picoliter and a 
diameter of about 10 Mm. producing a layer of about 4 
15 thickness for complete coverage of a substrate. 

As a result of the reduction in ink layer thickness 
for high resolution printing, approximately 3000 pages of 
text may be printed using the same amount of ink required 
for 1000 pages of text at 300 dots per inch (12 dots per 
20 mm) or 950 pages of text at 600 dots per inch (24 dots 

mm). Because of the thinner ink layer, however, a higher 
colorant loading in the ink is required for good quality 
images. For example, twice the dye or pigment concentra- 
tion is required for 2400 dot per inch (96 dot per mm) 
25 printing than for 300 dot per inch (12 dot per mm) and 

600 dot per inch (24 dot per mm) printing. Moreover, to 
produce ink drops having a diameter of 10 ^im, the diam- 
eter of each ink jet orifice 51 should be about 10 ^m, 
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the width of the pumping chamber 48 should be about 0.001 
inch (0.025 mm), the pumping chamber diameter should be 
about 0.020 inch (0*5 mm) and the thickness of the piezo- 
electric layer 53 should be about 0.005 inch, (0.127 mm). 
5 For an ink jet array arranged to print 1200 lines per 

inch (48 lines per mm) with a drop size of 20 the ori- 
fice 51 should have a diameter of about 20 ^m, the pump- 
ing chamber should have a width of about 0.0021 inch 
(0.053 mm) and a diameter of about 0.042 inch (1.07 mm) 
10 and the thickness of the piezoelectric layer 53 should be 
about 0.01 inch (0.254 mm). 

In contrast to the foregoing, if an attempt were 
made to design a linear type ink jet array to produce ink 
drops of 20 ^im or 10 iim diameter, it would be necessary 
15 to provide a piezoelectric member having a thickness of 
0.0017 inch (43 MJB) capable of ejecting drops from a 
chamber having dimensions of 0.006 inch (.15 mm) by 0.028 
inch (0.71 mm) or one with a thickness of 0.0035 inch (86 
pm) capable of ejecting drops from a chamber having di- 
20 mensions of 0.012 inch (0.3 mm) by 0.083 inch (2.1 mm). 

With the present piezoelectric fabrication technology, it 
would not be possible to produce piezoelectric members 
which would have sufficient strength to eject ink drops 
from such chambers at the desired rate and velocity, 
25 whereas piezoelectric members having the dimensions spec- 
ified above for ink jet matrix array piezoelectric member 
can be made to eject ink drops at the required rate and 
velocity. 
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Because of the smaller orifice diameter and drop 
size required for high resolution ink jet systems of the 
type described herein, additional precautions may be nec- 
essary* For example, finer filtration of the ink may be 
5 necessary to remove particles having a diameter of 1.5 ixvi 
to 3 Min in contrast to 8 m» to 9 /xm particle filtration 
for lower resolution systems. Moreover, because the 
smaller volxime ink drops in high resolution systems cool 
more rapidly after ejection, care must be taken to make 
10 certain that the ambient temperature conditions in the 
region between the ink jet head and the substrate are 
capable of assuring that the drop does not solidify be- 
fore it reaches the substrate. The smaller drop volume 
also increases the deceleration of the drop by air resis- 
15 tance in the space between the ink jet head and the sub- 
strate, which may require adjustments in the timing of 
drop ejection to cause drops to arrive at the proper lo- 
cations in the image on the substrate. 

Although the invention has been described herein 
20 with reference to specific embodiments, many modifica- 
tions and variations therein will readily occur to those 
skilled in the art. Accordingly, all such variations and 
modifications are included within the intended scope of 
the invention. 
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Claims 

1. A high resolution ink jet system comprising a 
substrate support for supporting a substrate to receive 
ink drops projected from an ink jet head, an ink jet 
5 head, drive means to provide a scanning motion between 
the ink jet head and substrate, an array of ink jets in 
the ink jet head arranged in the form of a matrix con- 
taining adjacent parallel rows of ink jets extending sub- 
stantially parallel to the direction of scanning motion, 
10 an ink chamber plate in the ink jet head having an ink 
chamber side and an orifice side and formed on the ink 
chamber side with an arxay of ink chambers, a plurality 
of orifice passages extending through the ink chamber 
plate, each leading from one of the ink chambers to the 
15 orifice side of the ink chamber plate, an orifice plate 
affixed to the orifice side of the ink chamber plate and 
having an array of orifices each communicating with one 
of the orifice passages, a plurality of ink supply ducts 
extending within the ink chamber plate transversely to 
20 the adjacent parallel rows of ink jets, each supply duct 
being connected through corresponding ink passages to at 
least two ink chambers, a plurality of ink passages con- 
necting each of the ink chambers with at least one of the 
ink ducts, and a piezoelectric member affixed to the ink 
25 chamber side of the ink chamber plate and having an array 
of actuating electrodes disposed at locations correspond- 
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ing to the locations of the ink chambers in the ink cham- 
ber plate. 

2. An ink jet system according to Claim 1 wherein 
the ink jets in the array are arranged in a hexagonal 

5 configuration. 

3. An ink jet system according to Claim 1 wherein 
the ink jets in each row are spaced in the direction per- 
pendicular to the direction of scanning motion by a dis- 
tance equal to the line spacing of an image produced by 

10 the ink jet system. 

4. An ink jet system according to Claim 3 wherein 
the spacing between adjacent rows of ink jets is an inte- 
gral multiple of the spacing of adjacent ink jets in each 
row in the direction perpendicular to the scanning direc- 

15 tion multiplied by the number of ink jets in each row. 

5. An ink jet system according to Claim 3 wherein 
the spacing of adjacent ink jets in the direction perpen- 
dicular to the direction of scanning motion of the ink 
jet head is no more than about 0.000833 inch (21.2 ^m) . 



20 



6. An ink jet system according to Claim 1 wherein 
the piezoelectric member is a piezoelectric layer having 
a thickness no more than about 0.01 inch (0.25 mm) and 
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each ink chamber in the ink chamber plate has a maximum 
dimension of no more than about 0*05 inch (1«25 mm). 

7, An ink jet system according to Claim 1 wherein 
the ink chamber plate is made of a material capable of 

5 being processed by photolithographic techniques. 

8, An ink jet system according to Claim 1 wherein 
the chamber plate is made of silicon. 

9, An ink jet system according to Claim 1 wherein 
the ink chamber plate is made of carbon. 

10 10. An ink jet system according to Claim 1, includ- 

ing control means for controlling the selective ejection 
of ink drops from the ink jets at a rate of at least 24 
kHz. 

11. An ink jet system according to Claim 1 wherein 
15 the ink jets in each row are spaced to provide a minimum 

resolution in a printed image of at least 1200 lines per 
inch (48 lines per mm) . 

12. An ink jet system according to Claim 1^ includ- 
ing a plurality of matrix ink jet arrays in the ink jet 

20 head and a plurality of ink reservoirs in the ink jet 

head for supplying different colors of ink to each of the 
arrays . 
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13. An ink jet system according to Claim 1 wherein 
each ink chamber has a hexagonal peripheral shape. 

14- An ink jet system according to Claim 1 wherein 
each ink chamber has a circular peripheral shape. 

5 15. An ink jet system according to Claim 1 wherein 

the ink jet array comprises at least eight rows of ink 
jets with each row containing at least eight ink jets and 
the ink jets in each row are spaced in the scanning di- 
rection from the ink jets in an adjacent row by approxi- 
10 mately half the spacing between adjacent ink jets in each 
row. 

16. An ink jet head comprising an ink chamber plate 
having an ink chamber side and an orifice side, an array 
of ink chambers arranged in rows and columns formed in 

15 the ink chamber side of the ink chamber plate, a plurali- 
ty of orifice passages extending through the ink chamber 
plate, each leading from one of the ink chambers to the 
orifice side of the ink chamber plate, a plurality of ink 
supply ducts formed in the ink chamber plate each ink 

20 supply duct extending between adjacent rows of ink jets 
and being connected by corresponding ink passages to at 
least two ink chambers, and a plurality of ink passages 
connecting each of the ink chambers with at least one of 
the ink supply ducts. 
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17. An ink jet head according to Claim 16 wherein 
the ink supply ducts are formed in the orifice side of 
the ink chamber plate and including an orifice plate af- 
fixed to the orifice side of the ink chamber plate to 

5 form one wall of the ink supply ducts and having an array 
of orifices each communicating with one of the orifice 
passages* 

18. An ink jet head according to Claim 16 including 
a piezoelectric member affixed to the ink chamber side of 

10 the chamber plate and having an array of actuating elec- 
trodes disposed at locations corresponding to the loca- 
tions of the ink chambers in the ink chamber plate. 
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